Skeletal muscle is composed of skeletal muscle cells and the surrounding connective tissue distributed in a highly organized manner. Naturally, this organ is supplied by small vessels, capillaries, and nerves and also contains a variable number of cells from the immune system.^[@bibr14-2325967120909090],[@bibr17-2325967120909090]^ Skeletal muscle cells are cylindrical and striated multinucleated cells called *myofibers* due to their elongated shape, and their main function is to generate contractile forces for locomotion.^[@bibr30-2325967120909090]^ Connective tissue has its own cells: fibroblasts. Depending on where it is located in the muscle, this connective tissue shows marked differences in the composition and specific distribution of the extracellular matrix molecules. These variable features make it more or less organized with variable flexibility, thereby carrying out different yet highly specific functions within the muscle.^[@bibr15-2325967120909090],[@bibr17-2325967120909090]^ Thus, the extracellular matrix plays a key role in maintaining the structure and organization of muscle fibers, is highly integral to force transmission, and is essential for the proper regeneration following injury.^[@bibr14-2325967120909090],[@bibr22-2325967120909090],[@bibr24-2325967120909090],[@bibr38-2325967120909090]^ Furthermore, the extracellular matrix generates biochemical signals that regulate myogenesis and modulate various growth factors.^[@bibr6-2325967120909090],[@bibr13-2325967120909090],[@bibr39-2325967120909090]^

In terms of cell biology, the extracellular matrix of muscle consists of 3-dimensional networks made of different collagen molecules, proteoglycans, and noncollagenous extracellular matrix proteins such as laminin, fibronectin, and other adhesion molecules.^[@bibr37-2325967120909090]^ For clinical applications, the concept of the extracellular matrix of skeletal muscle is usually simplified; it is considered simply as the connective tissue structure that surrounds the muscle and is crucial for the mechanical integrity of the tissue. This connective structure is also known by the global term *fascia*.^[@bibr1-2325967120909090]^

The fibrous collagen networks are arranged in 3 differentiated layers in the muscle belly: endomysium, perimysium, and epimysium.^[@bibr1-2325967120909090],[@bibr14-2325967120909090]^ The endomysium surrounds each individual myofiber and is composed mainly of collagen types I, III, and V.^[@bibr16-2325967120909090]^ The perimysium surrounds several fascicles of myofibers and is composed mainly of collagen types I and III. The epimysium surrounds the entire muscle and is also composed mainly of collagen types I and III. Beyond these 3 structures, type IV collagen is mainly expressed in the basal membrane of the myofiber.^[@bibr19-2325967120909090]^ These 3 structures make up what is known as the myofascial junction (MFJ) between muscle and fascia or the myotendinous junction (MTJ) between muscle and tendon, which mainly has structural function but may also have a mechanical function.^[@bibr5-2325967120909090]^

The aponeuroses have a direct connective continuum with the MFJ via the perimysium.^[@bibr14-2325967120909090]^ Histologically, the perimysium joins the aponeurosis at the ends of the muscle fascicles, facilitating the overall functional unity of the skeletal muscle between the MFJ and the tendons themselves ([Figure 1](#fig1-2325967120909090){ref-type="fig"}).

![Outline of the global functional unit of skeletal muscle. A connective continuum is seen from the endomysium to the tendon-aponeurosis via the union of the perimysium to the aponeurosis.](10.1177_2325967120909090-fig1){#fig1-2325967120909090}

In a muscle injury, a myoconnective junction (MCJ) is always involved. This MCJ can be located in a myotendinous junction (MTJ) when the lesion affects an aponeurosis or a tendinous expansion attached to muscle fiber or when it involves an MFJ, that is, when the muscle fiber is attached to the epimysium or perimysium.

Nomenclature of Muscle Injuries Based on Anatomy: Optimizing the Topographic Level of Injury {#section1-2325967120909090}
============================================================================================

Different classifications for muscle lesions have been proposed based on the topographic location of the lesion^[@bibr7-2325967120909090],[@bibr26-2325967120909090],[@bibr28-2325967120909090],[@bibr34-2325967120909090]^ but without accurate identification of its level. All indirect muscle injuries occur in MCJs, either at the tendinous aponeurotic level in the MTJ or in the MFJ (epimysium, perimysium). To distinguish injuries to the MCJ, we divide the injuries into 2 main categories: MTJ and MFJ injuries ([Table 1](#table1-2325967120909090){ref-type="table"}). We propose that an MCJ is always involved in a skeletal muscle injury. The affected MCJ can be located either in an MTJ (the lesion affects an aponeurosis or a tendinous expansion attached to muscle fibers) or in the MFJ, when the injury involves muscle fiber and their perimysium and/or epimysium.

###### 

Injuries to the Myoconnective Junction*^a^*

![](10.1177_2325967120909090-table1)

  --------------------------------------------------
  Injury of the peripheral MCJ (MTJ-MFJ continuum)
   Injury of the MTJ
    Tendinous (or aponeurotic) injury
    Myotendinous (or myoaponeurotic) injury
    Muscle (or intramuscular) injury
   Injury of the MFJ
    Without rupture of the epimysium
    With rupture of the epimysium
  Injury of the internal or central MCJ
   Tendinous (or aponeurotic) injury
   Myotendinous (or myoaponeurotic) injury
   Muscle (or intramuscular) injury
  --------------------------------------------------

*^a^*MCJ, myoconnective junction; MFJ, myofascial junction; MTJ, musculotendinous junction.

Although MCJs may be similar to the MTJ from a histological point of view, their macroscopic appearance is determined by their thicknesses (tendon \> aponeurosis \> myofascia).^[@bibr5-2325967120909090]^ Thus, the 2 opposite end components of the continuum between an MTJ and the MFJ can be clearly differentiated at the level of gross anatomy (in the dissection room or in the operating theater).^[@bibr5-2325967120909090]^ The weakest part of the bone-tendon-muscle chain in adults is the MCJ. Injuries can be located at 2 levels (the peripheral MCJ and the internal or central MCJ) if the muscle contains internal fascia structure.

Peripheral MCJ Injuries {#section2-2325967120909090}
-----------------------

Peripheral MCJ injuries mainly affect the MTJ (ie, the muscle-aponeurosis \[or tendon\] interface). These are the most common types of injury in the hamstring tendon, the posterior aponeurosis of the rectus femoris, and the medial head of the gastrocnemius (ie, tennis leg). In addition, the areas adjacent to the MTJ can be affected at varying distances, specifically in the perimysium and epimysium (ie, in the nearby MFJ). This type of injury can occur proximal to the posterior aponeurosis of the rectus femoris, at the level of its epimysium.

Classically, injuries that occur in the periphery of a muscle tend to be called *myofascial injuries*. Indirect MFJ injuries are infrequent because myotendinous injuries in the muscle periphery are often erroneously interpreted as myofascial injuries. Myofascial injuries are usually produced by traction of the epimysium-perimysium from a proximal aponeurosis, which can break it or damage its connection to the muscle fiber.

Central MCJ Injuries {#section3-2325967120909090}
--------------------

Internal or central MCJ injuries are those affecting the central tendon. These injuries are the intramuscular homolog of peripheral MCJ injuries except that they are surrounded on all surfaces by muscle fascicles and the corresponding perimysium. The main difference between the 2 is that the internal or central MCJ lacks the characteristic external lining of the muscle (epimysium). Typical examples of this type of injury are those of the indirect tendon of the rectus femoris and those of the central tendon of the soleus.

Histological Nomenclature of Muscle Injuries: Optimizing the Histoarchitecture of the Injury {#section4-2325967120909090}
============================================================================================

To understand the behavior of a muscle injury, provide an accurate prognosis, and understand why some injuries recur, one needs take into account not only the anatomic and topographic location but also the type and level of histoarchitectural involvement (ie, degree of damage to connective tissue structure) ([Table 1](#table1-2325967120909090){ref-type="table"}). Two injuries in exactly the same topographic location and with the same treatment can heal differently depending on the degree of the damage to the connective tissue component (ie, the extent of damage to its extracellular matrix).^[@bibr5-2325967120909090]^

Injuries of either MCJ---peripheral or central-internal---may have different degrees of histoarchitectural involvement. In this work, we have updated the nomenclature with respect to that in a previous report^[@bibr5-2325967120909090]^ through broad discussions and have ultimately reached a consensus with more authors. Thus, we can define different types of injury depending on their histoarchitecture.

Tendinous (Aponeurotic) Injuries {#section5-2325967120909090}
--------------------------------

Tendinous injuries have direct aponeurotic involvement, with an observable gap in the tendinous tissue. In turn, this gap can have different orientations, such as transversal, longitudinal (in splits), or mixed orientation. Retraction of the muscle fibers is observed only when a transverse gap is present. Similarly, fibrous repair secondary to a transverse rupture is greater than that following longitudinal rupture, and thus, these injuries have a greater chance of reinjury. In short, it is essential to assess the type of rupture to guide prognosis and assess the risk of reinjury ([Figure 2](#fig2-2325967120909090){ref-type="fig"}).

![Three different central tendon injuries of the rectus femoris according to their tendinous gap. Sagittal and axial T2-weighted fat-saturated magnetic resonance imaging scans of (A) a transversal tendon gap (arrows), (B) a longitudinal tendon gap (split, arrows), and (C) a mixed tendon gap: longitudinal (arrows) and transversal (arrowheads).](10.1177_2325967120909090-fig2){#fig2-2325967120909090}

Myotendinous (Myoaponeurotic) Injuries {#section6-2325967120909090}
--------------------------------------

Myotendinous injuries are located at the interface between the aponeurosis and the fiber or muscle fasciculus (and its corresponding perimysium). In this type of injury, the tendon or aponeurosis is affected either focally by small muscle fiber tears or by major tears that produce a muscle gap but not a tendinous gap ([Figure 3](#fig3-2325967120909090){ref-type="fig"}).

![Myotendinous injury located in the anterior aponeurosis of the soleus (arrows). (A) Sagittal and (B) axial T2-weighted fat-saturated magnetic resonance imaging scans. The aponeurosis is affected focally by small retraction of the muscle fiber.](10.1177_2325967120909090-fig3){#fig3-2325967120909090}

Muscle (Intramuscular) Injuries {#section7-2325967120909090}
-------------------------------

Muscle injuries occur in the interface between the perimysium and the fiber or muscle fascicle to which it is attached but with no direct involvement of the tendon or aponeurosis, as the rupture occurs at a distance from them. These injuries are generally secondary to traction at a distance from an aponeurosis or tendon. In these cases, the injury is usually called *intramuscular*, although, in fact, the MCJ is also involved ([Figure 4](#fig4-2325967120909090){ref-type="fig"}).

![A case of intramuscular injury in the rectus femoris (arrows). (A) Coronal and (B) sagittal T2-weighted fat-saturated magnetic resonance imaging scans. This type of injury entails no direct or indirect involvement of the tendon or aponeurosis, even though the injury has actually been caused by the traction of a myoconnective junction, in this case by the central tendon of the rectus femoris.](10.1177_2325967120909090-fig4){#fig4-2325967120909090}

Myofascial Injuries (Injuries in the MFJ) {#section8-2325967120909090}
-----------------------------------------

The affected MFJ is located in the peripheral MCJ and may or may not damage the epimysium. If the epimysium is intact, bleeding occurs in the muscle and is limited by the epimysial fascia ([Figure 5](#fig5-2325967120909090){ref-type="fig"}). If the epimysium breaks, the edema and fluid migrate along the intermuscular planes; because the epimysium is composed of a variable amount of loose connective tissue^[@bibr20-2325967120909090]^ that has marked distensibility, it is deformed by the bleeding itself. Clinically, these injuries are very well tolerated and even may go unnoticed.

![A case of myofascial injury close to the proximal part of the posterior aponeurosis of the rectus femoris (arrows). (A) Coronal, (B) sagittal, and (C) axial T2-weighted fat-saturated magnetic resonance imaging scans. In this case, since the epimysium is intact, bleeding occurs in the muscle but is limited by the epimysial fascia.](10.1177_2325967120909090-fig5){#fig5-2325967120909090}

The healing time of an injury is always longer if the injury affects the tendon-aponeurotic structures. Although magnetic resonance imaging (MRI) assessment of the muscle fiber may predict regeneration in approximately 3 weeks,^[@bibr23-2325967120909090],[@bibr25-2325967120909090]^ the repair takes considerably longer when the injury involves the tendon or aponeurosis.^[@bibr8-2325967120909090],[@bibr28-2325967120909090],[@bibr29-2325967120909090]^ This highlights the need to account for connective tissue or fascial involvement in the clinical assessment of the injury. Furthermore, injury can cause damage to all 3 levels of histoarchitectonic structures, leading to an even more uncertain prognosis.

In previous reports, some authors have proposed that injuries in the internal or central MCJ do not have a worse prognosis than those in the peripheral MCJ,^[@bibr36-2325967120909090],[@bibr37-2325967120909090]^ which is justified if the level and degree of histoarchitectural involvement are taken into account rather than just the location (central or peripheral). Thus, some injuries of the central MCJ without connective tissue damage or involvement (muscle injury or intramuscular injury) may have a better prognosis than some peripheral injuries that do have connective tissue damage or involvement.

Proposal to Standardize the Nomenclature {#section9-2325967120909090}
----------------------------------------

To standardize the nomenclature of muscle injuries according to the model presented here, which we hope will facilitate communication between professionals and ultimately lead to more accurate clinical diagnoses, we propose the following requirements for describing muscle injuries:Histoarchitectonic level: tendinous (or aponeurotic), myotendinous (myoaponeurotic), muscle (or intramuscular), or myofascial injuryTopographical anatomic level: peripheral MCJ or internal (or central) MCJNominal anatomic level: specific name of the injured structure according to international anatomic terminology

In addition to this nomenclature, which is not a classification, other important clinical details should be added, such as the presence or absence of hematoma or the distance from the tendon insertion, which for some muscles is known to be an important contributing factor for management and prognosis.

Analysis of Typical Injuries According to the Model {#section10-2325967120909090}
===================================================

Hamstring Tendons {#section11-2325967120909090}
-----------------

The role of intramuscular tendon involvement is controversial.^[@bibr35-2325967120909090]^ Of the various prognostic factors implicated in injuries of the common hamstring tendon, involvement of the "free tendon" (distance from bony origin or insertion to the point where muscle tissue starts) is particularly important regarding return-to-play (RTP) time and risk of reinjury.^[@bibr2-2325967120909090],[@bibr3-2325967120909090]^ Another important factor is the distance from the injury to the origin of the hamstring, with shorter distances being associated with longer RTP.^[@bibr3-2325967120909090],[@bibr12-2325967120909090],[@bibr32-2325967120909090]^ This is consistent with our proposed model for understanding muscle injuries. Tendon injury has the worst prognosis^[@bibr21-2325967120909090],[@bibr28-2325967120909090]^; the closer the injury occurs to the tendon origin or insertion, the larger the connective tissue lesion. Other important prognostic factors, although not as important as the ones mentioned above, are the length of edema,^[@bibr9-2325967120909090],[@bibr31-2325967120909090]^ its cross-sectional area,^[@bibr2-2325967120909090],[@bibr9-2325967120909090],[@bibr31-2325967120909090],[@bibr33-2325967120909090]^ its volume,^[@bibr2-2325967120909090]^ and the degree of injury.^[@bibr11-2325967120909090]^ These factors, combined with information on location and histoarchitectural involvement, could help to determine the true prognosis of proximal hamstring injuries more accurately.

Injuries to the distal MTJ of the biceps femoris present a special clinical challenge due to its complex anatomic structure and dual innervation to the short and long head of the muscle.^[@bibr11-2325967120909090]^ As the long and short head of the biceps femoris merge together at the distal MTJ, they form a T-shaped aponeurosis. Injuries occurring in this region are demanding to treat; despite long rehabilitation times, the recurrence rates are the highest among skeletal muscle injuries reported to date, as more than 50% of patients sustain reinjury.^[@bibr11-2325967120909090]^ Because the maturation of scar tissue is a slow process, it has been recommended that MRI be used to determine proper scar maturation before RTP can be considered.^[@bibr11-2325967120909090]^

We can observe all 3 types of histoarchitectonic involvement in the common hamstring tendon in daily clinical practice: direct tendon involvement with gap ([Figure 6A](#fig6-2325967120909090){ref-type="fig"}), purely myotendinous injury without gap ([Figure 6B](#fig6-2325967120909090){ref-type="fig"}), and muscle injury produced by traction of the common tendon but without direct contact with it ([Figure 6C](#fig6-2325967120909090){ref-type="fig"}). Comin et al^[@bibr8-2325967120909090]^ used MRI to study gaps or fiber retractions in the central tendon and found these factors to be associated with significantly longer RTP times than injuries without these factors. In this sense, an injury with a tendinous gap leads to the retraction of the affected myofibers, and the time required to repair the injured connective tissue results in a longer duration before RTP.

![Three different cases of common tendon injury of the biceps femoris. Coronal and axial T2-weighted fat-saturated magnetic resonance imaging scans of (A) a tendinous rupture (arrow), (B) a myotendinous rupture (arrow), and (C) an intramuscular rupture (arrow).](10.1177_2325967120909090-fig6){#fig6-2325967120909090}

Next, we provide a few representative examples from common and clinically demanding skeletal muscle injuries.

Central Tendon of the Soleus {#section12-2325967120909090}
----------------------------

In a series of 100 calf injuries, Prakash et al^[@bibr29-2325967120909090]^ observed that interruption of the muscle connective tissue resulted in a longer recovery time and a longer RTP time than injuries that did not affect the central tendon of the soleus. Although no reported studies have focused only on injuries of the central tendon of the soleus, it seems likely that a central tendon injury with tendon gap ([Figure 7A](#fig7-2325967120909090){ref-type="fig"}) will have a more complex progression than an injury in which the connective structure is not damaged ([Figure 7B](#fig7-2325967120909090){ref-type="fig"}). This should be taken into account when one is evaluating an injury to this muscle. In general, injuries affecting the tendon of the central MCJ entail a longer RTP time than those in the peripheral MCJ.^[@bibr27-2325967120909090],[@bibr29-2325967120909090]^ This rule also applies for the central tendon of the rectus femoris.^[@bibr4-2325967120909090],[@bibr10-2325967120909090]^

![Two different cases of central tendon injury of the soleus. (A) Axial T1-weighted and axial and sagittal T2-weighted fat-saturated magnetic resonance imaging (MRI) scans of tendinous rupture. The arrows indicate the tendon gap in both T1-weighted and T2-weighted images. (B) Axial T1-weighted and axial and sagittal T2-weighted fat-saturated MRI scans of myotendinous rupture. The arrows indicate the integrity of the central tendon in both T1-weighted and T2-weighted images.](10.1177_2325967120909090-fig7){#fig7-2325967120909090}

Posterior Aponeurosis of the Rectus Femoris {#section13-2325967120909090}
-------------------------------------------

According to Cross et al,^[@bibr10-2325967120909090]^ injuries in the posterior peripheral MCJ of the rectus femoris have a faster RTP than those in the central MCJ of the central tendon. If the injury occurs in the distal part of the posterior aponeurosis, one may observe a tendinous, myotendinous, or intramuscular injury ([Figure 8, A-C](#fig8-2325967120909090){ref-type="fig"}, respectively). If the injury is located in the proximal part of the peripheral MCJ, this may affect the posterior aponeurosis itself (myoaponeurotic injury) ([Figure 8D](#fig8-2325967120909090){ref-type="fig"}) and/or the epimysium (myofascial injury) proximal to it ([Figure 8E](#fig8-2325967120909090){ref-type="fig"}). True myofascial injuries are those that affect the epimysium only. In the peripheral MCJ of the rectus femoris, pure myofascial injuries are usually located in the posterolateral area^[@bibr18-2325967120909090]^ and are accompanied by interfascial hematoma. In routine clinical practice, this injury is very well-tolerated and can be a casual finding.

![Five different cases of posterior aponeurosis injury. Sagittal and axial T2-weighted fat-saturated magnetic resonance imaging scans of (A) a tendinous rupture (with posterior aponeurosis retracted), (B) a myotendinous rupture, (C) an intramuscular rupture, (D) a myoaponeurotic rupture, and (E) a myofascial injury. (F) Scheme in relation to these injuries. The white solid arrows indicate the posterior aponeurosis; the white and black dashed arrows indicate the injury.](10.1177_2325967120909090-fig8){#fig8-2325967120909090}

Conclusion {#section14-2325967120909090}
==========

We propose that an exact description of the affected MCJ, together with knowledge of any histoarchitectural damage to the connective tissue structures, improves our understanding of the clinical characteristics of the injured skeletal muscle. These rules, in turn, can be applied to all skeletal muscle injuries. Considering clinical experience and evidence from published studies, we propose that when an injury in the MCJ has a tendon gap that is detectable by MRI, the injury will heal more slowly and pose a greater risk of reinjury than would an injury without such a connective tissue lesion. Similarly, the injury has a better prognosis if it is purely muscular or if it is myofascial but without clear involvement of the neighboring tendon (or aponeurosis). Moreover, all 3 types of histoarchitectonic involvement can co-occur in the same injury, and it is very difficult to make an accurate prognosis in these cases. However, the determination of scar tissue maturity by MRI might be helpful during follow-up to ascertain readiness to RTP.
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